Background
In the recent years there was an increase in the number of implantations of implantable cardioverter-defibrillators (ICD) and pacemakers. Implantation of the above cardiac devices is a procedure with a relatively low complication rate, however if they occur the patient should be treated at a center of reference. The most serious complications, with poor long-term prognosis, are the implantable cardiac electronic device (ICED) infections which include lead infection (ICED-LI), local infection in or around the device pocket (PI, pocket infection) and infective endocarditis (ICED-IE). Determining the risk factors of ICED infections is the subject of on-going research.
Aim
The aim of this study is to analyze the records of patients with ICED, who developed implantable device-related infections.
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Materials and methods
We analyzed retrospectively the records of patients who from January 2012 to February 2018 underwent transvenous lead extraction (TLE) due to infections (ICED-LI, ICED-IE and PI) at the Department of Cardiology and Electrotherapy of the University Clinical Centre (Gdańsk). The subtypes of ICED infections were diagnosed in accordance with the current British guidelines [1] . Pocket infection was diagnosed when we noticed local features of infection without signs and symptoms of systemic infection and without positive results of blood cultures.
ICED-LI was diagnosed when we confirmed by echocardiography vegetations attached to the leads, when patient presented symptoms or signs of systemic infection. Additionally important role in the process of confirming ICED-LI constituted positive microbiological cultures and presence of Duke microbiological criteria.
ICED-IE was diagnosed when Duke criteria for infective endocarditis were met and we can confirmed vegetations attached to the valves by using echocardiography.
In accordance with the current guidelines, we have taken three blood culture samples when the patient was clinically stable or two blood culture samples when septic shock occurred. Ale these samples were taken before empiric antimicrobial therapy was started. Culture of the extracted electrode was also performed in every case during TLE.
In an attempt to identify potential risk factors of ICED infections we included records of patients who underwent any cardiac electrotherapy procedure (de novo implantation, device replacement, upgrade of the existing device) within 2 years prior to the TLE. ICED infections that led to septic shock are described as 'severe.' Septic shock was diagnosed in accordance with the Sepsis-3 guidelines [2] . Septic shock is a subset of sepsis with metabolic and circulatory abnormalities, which can be measured objectively i.e. necessity of using vasopressors to maintain MAP (mean arterial pressure) ≥65 mm Hg and a serum lactate level >2 mmol/L (18mg/dL). We extracted the following data from patient records: demographics, previous cardiac electrotherapy procedures, ICED type, comorbidities, Charlson Comorbidity Index, laboratory parameters and pharmacotherapy prior to the ICED infection.
Charlson Comorbidity Index is a reliable measure which can be used for predicting short-term and longterm outcomes. It can be used for different patients populations. Charlson Comorbidity Index takes into consideration 19 conditions, weighted depending on their clinical significance -from one to six points (see Table 1 for details). The summation of these weighted comorbidity scores results in final Charlson Comorbidity Index [3] .
Statistical analysis
Statistical significance was set at p<0,05. The chisquared test was used for testing relationships between categorical variables. The Shapiro-Wilk test was used to test the assumption of normality and the Mann-Whitney-Wilcoxon test were applied to the comparison of two independent data whose measurements are at least ordinal. Statistical analysis was performed using the Statistica software v 12.0.
Results
The analyzed sample included 59 patients (37 male and 22 female, median age 74 years, 25th and 75th percentile respectively 62 and 81 years of age) with ICED infections, who underwent a cardiac electrotherapy procedure within 2 years prior to the TLE (see Figure 1 for details) . The indications for TLE were as follows: PI (n=36), ICED-LI (n=20) and ICED-IE (n=3).
Severe ICED infection was diagnosed in 10 patients (17%). We can see a trend toward significance in terms of younger age in this subset of patients comparing to the rest of the sample (median age 70 vs 74; p=0.09). The in-hospital mortality was 8.5% (n=5) and all the deceased patients underwent severe ICED infections. All patients with severe ICED infections were diagnosed with ICED-LI (n=10, p<0.001). Only 50% of patients with severe ICED infection survived. Abbreviations: AIDS -Acquired Immunodeficiency Syndrome 30.5% of the studied patients had positive blood cultures and the most common pathogens were S. aureus (n=7) and S. epidermidis (n=6). Among the subset of patients with severe ICED infection, 50% had positive blood cultures and the pathogen was always S. aureus (see Figure 2) . Culture of the extracted electrodes was positive in 19 (32%) cases. Again the most common pathogens were S. aureus (n=7) and S. epidermidis (n=6). Other bacteria which we cultured form extracted electrodes were S. marcescens (n=4), P. aeruginosa (n=1), E. faecalis (n=1). The timeframe between the most recent electrotherapy procedure and TLE due to ICED infection was 237 days (median; 25th and 75th percentile respectively 59 and 459 days). 56% (n=33) of the analyzed sample had artificial cardiac pacemakers, while 44% had ICD (for details see Table 2 ). Details concerning severe ICED infection group and the rest of the studied sample are listed in Table 3 .
Implantation de novo more frequently preceded TLE among the subset with severe ICED infection than among the rest of the analyzed sample (80% vs 40.8%, p=0.02). Laboratory parameters from the time of the preceding electrotherapy procedure revealed median levels of: CRP 13.8±27.2 mg/l, leukocytes 6.7±1.8 x10 3 /µl, neutrocytes 4.3±1.7 x10 3 /µl, creatinine 1.1±0.5 mg/dl, hemoglobin 13.5±1.8 g/dl. The most frequent comorbidities among the studied sample are listed in Table 4 . The median ejection fraction of the studied patients was 30%. The median Charlson Comorbidity Index in the studied sample was 2 (see Figure 3 for details). Abbreviations: CRT-P -cardiac resynchronization therapy pacemaker; CRT-D -cardiac resynchronization therapy defibrillator; ICD -implantable cardioverter defibrillator; TLE -transvenous lead extraction Analysis of the pharmacotherapy administered in the pre-TLE period indicated that majority of the analyzed patients were on antiplatelet monotherapy (n=19, 32.2%) or anticoagulant monotherapy (n=20, 33.9%). In the anticoagulant group, 13 (22%) patients were administered a vitamin K antagonist (VKA) and 7 (11.9%) a non-VKA anticoagulant. The so-called bridge therapy using low molecular weight heparin (LMWH) was administered to 16 (27.1%) patients, significantly more frequently among the patients with clinically severe ICED infections (60% vs 20.4%; p=0.04).
Discussion
In the recent years there was an increase in the number of implantations of implantable cardioverter-defibrillators (ICD) and pacemakers [4] . The ongoing increase in ICED implantations is associated with a concurrent increase in infectious complications [5] . It is estimated that 0.5-4.8% patients with ICED develop ICED infections, majority of which are PI [6, 7] . In our sample, 61% of the patients underwent PI which is consistent with the findings in literature (58% and 69%) [6, 7] .
Our analysis was limited to patients, in whom a procedure of implantation, exchange or upgrade of the system had been identified within the preceding 2 years, because the aim of the study was to identify risk factors present at the time of the index procedure and leading to the development of infective complications. In our opinion if such a factor is present at the initial procedure, then its influence on the subsequent infection will reveal in a relatively short period of time, from several to a dozen or so months. Infections occurring later are -in our opinion -less likely to be associated with the initial procedure, and more likely result from infection-related factors during the following period.
The in-hospital mortality of ICED infections was higher in our sample than in literature (8.5% vs 4.1%), which is due to a high subset of patients who developed septic shock [8] .Majority of patients in our sample had implanted pacemakers. In the literature there are inconsistent findings as to which type of ICED is associated with a greater risk of infectious complications [9] [10] [11] [12] . In our sample, we didn't find statistical difference between frequency of ICED infections in patients who had implanted pacemakers or implantable cardioverter-defibrillators. Interesting is the theory presented by Małecka i wsp. [13] . According to the author, the damage of the external insulation may result in infectious complications when the problem concerns pacemaker leads and to inappropriate interventions in the case of the damage of ICD leads. These differencies occur due to distinct construction these two types of leads.
Literature data provides that previous procedures such as revisions, device replacement and upgrades are well-documented risk factors of ICED infections [14] . Approximately half of the patients in our sample underwent a prior electrotherapy procedure, whereas those with severe ICED infections significantly more often had a device implantation de novo. This might be due to the fact that de novo implantations frequently are performed urgently, whereas device replacement and upgrade are planned procedures.
It is noteworthy that in our sample the patients undergoing TLE due to infection had on average three-fold increase in CRP level pre-operatively. This observation might confirm the earlier findings that patients with elevated CRP levels have a higher risk of developing ICED infections [15] . However this observation needs to be corroborated in a prospective study on a larger sample. Patients in our sample had a relatively high comorbidity as measured by the Charlson Index: 28.8% scored ≥ 4 points. Charlson Comorbidity Index is considered a new risk factor of ICED infections. Our study is one of a few [16] confirming the potential correlation between Charlson Index value and ICED infection risk. The LMWH bridge therapy was administered rather frequently in the analyzed sample (27.1%), particularly the patients who developed serious ICED infection. Literature points out that LMWH bridge therapy is an independent risk factor of device pocket hematomas, which in turn are a risk factor of ICED infections [17] .
Limitations
Our study is limited due to small patient sample and the retrospective analysis. Therefore, our results are strictly preliminary and require confirmation in a prospective study with a larger sample. In addition, the electrotherapy procedures prior to TLE were conducted at various institutions, which might influence the results.
Conclusions
In the analyzed sample, the most common infectious complication related to the ICED was PI and the most common etiological agents were S. aureus and S. epidermidis. Patients with multiple comorbidities are often at risk of infectious complications and therefore require interdisciplinary care. Severe ICD infections that present with septic shock are associated with a 50% in-hospital mortality rate.
